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Nomenclature
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Summary of Terms

VC - Vision-Cursor condition

NC - No Vision-Cursor condition

FHV - First-Half Vvision condition

LHV - Last-Half Vision condition

VXFH - First-Half Vision trials within a block of VC trials

VXLH - Last-Half Vision trials within a block of VC trials

NXFH - First-Half Vision trials within a block of NC trials

NXLH - Last-Half Vision trials within a block of NC trials

MT - Movement Time

AE - Absolute Error

MODS - Total number of modifications

TPV/MT - Time to peak velocity as a proportion of MT

TPV-END - Time from peak velocity to the end of the movement

PVDISP/DIST - Proportion of target distance travelled at time
of peak velocity

SDPV - Significant deviation in the acceleration profile
prior to time of peak velocity

PVSD - Significant deviation in the acceleration profile
following time of peak velocity

ZC - Negative to positive zero crossing in the acceleration
profile

REVS - Reversal in the direction of movement
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Table la
Experiment 1: Analysi f Varian mm Table for
men im

SOURCE SS DF MS F P
Blocks/Subjects 500786 .735 9
Vision 194064 .307 1 194064 .307 10.596 .009
Error 159417.609 9 17713.068
Target 39146.836 2 19573.418 3.499 .051
Error 100702.672 18 5594.593
Vision Target 7531.650 2 3765.825 .619
Error 109560.609 18 6086.701
Total 1111210.420 59
(Residual) 369680.891 45
Table 1b
Experiment 1: Movement Time Means and Standard Deviations

5 mm 10 mm 20 mm
Vision-Cursor P 821.3 813.23 744.5

SD 178.0 153.8 85.1
No Vision-Cursor X 705.2 673.3 659.3
SD 129.3 94.5 92.2
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Table 2a

xperiment 1: Analyvsi rian mm Table f

Constant Error

SOURCE SsS DF MS F P
Blocks/Subjects 98.134 9

Vision 28.954 1 28.954 3.439 .094
Error 75.773 9 8.419

Target 14.213 2 7.107 1.134 .344
Error 112.798 18 6.267

Vision Target - 11.685 2 5.843

Error 117.867 18 6.548 0.892

Total 447.739 59

(Residual) 306.438 45

Table 2b

Experiment 1: Constant Error Means and Standard Deviations

S mm 10 mm 20 mm

Vision-Cursor X 0.06 -0.02 -0.11
SD 0.5 1.1 1.5
No Vision-Cursor X l.6 2.4 0.13

SD 2.1 3.9 4.5
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Table 3a
riment 1: nalysi f varian mm Table for
Variable Error
SOURCE SS DF MS F P
Blocks/Subjects 66.309 9
Vision 286.803 1 286.803 91.630 <.001
Error 28.174 9 3.130
Target 4.648 2 2.324 .572
Error 73.131 18 4.063
Vision Target 30.717 2 15.358 4.530 .025
Error 61.023 18 3.390
Total 550.805 59
(Residual) 162.328 45
Table 3b
Experiment 1: Variable Error Meang and Standard Deviations
S mm 10 mm 20 mm
Vision-Cursor X 2.7 3.4 5.0
SD 1.6 1.8 1.8
No Vision-Cursor X 8.3 8.5 7.3
SD 2.3 2.6 2.2
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Table 4a
rim : i f ri mm Table for Peak
Velocity
SOURCE Ss DF MS F P
Blocks/Subjects 227269.899 9
Vision 9942.590 1 9942.590 2.612 .138
Error 34256.504 9 3806.278
Target 3852.559 2 1926.279 2.042 .157
Error 16980.184 18 943.344
Vision Target 195.417 2 97.709 .081
Error 21791.010 18 1210.612
Total 314288.162 59
(Residual) 73027.697 45
Table 4b
Experiment 1: Peak Velocity Means and Standard Deviations

S mm 10 mm 20 mm

Vision-Cursor X 406.7 422.0 416.3
SD 90.7 86.0 70.6

No Vision-Cursor X 375.9 399.0 392.8

SD 79.7 67.8 42.6



Table 5a

xXperi l1: An

SOURCE
Blocks/Subjects
Vision

Error

Target

Error

Vision Target
Error

Total

(Residual)

Table 5b

Ss

182.209

1938.130

242.133

15.849

175.028

38.123

254.243

2845.715

671.404

ri

Il

DF

mm T

MS

1938.130

26.904

7.925

9.724

19.061

14.125

Experiment 1; Time to Peak Velocity/Movement

158

le for Tim

72.039

. 815

1.349

<.001

.284

time Means and

ndard Deviation

Vision-Cursor

No Vision-Cursor

xl

SD

Xl

sD

S5 mm 10 mm 20 mm
31.4 30.4 33.0
3.7 4. 3.7
42.0 44.0 42.9
2.4 3. 5.4
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Table 6a

Experiment 1: Analysi i rian mm Table for

Displ men Tim f Peak loci Tar Di n

SOURCE SS DF MS F P
Blocks/Subjects 196.647 9

Vision 535.748 1 535.748 39.603 <.001
Error 121.749 9 13.528

Target 24.997 2 12.499 2.219 .136
Error 101.385 18 5.633

Vision Target 16.657 2 8.329 .927

Error 161.708 18 8.984

Total 1158.892 59

(Residual) 384.843 45

Table 6b

Experiment 1; Displacement at Time of Peak Velocitv/Target

Di Mean n ndard Deviation
5 mm 10 mm 20 mm
Vision-Cursor X 40.8 41.2 41.0
' SD 2.8 3.6 3.1
No Vision-Cursor X 46.1 48.7 46.2

sSD 3.1 2.4 4.4



Table 7a

xperiment 1: nalysi f Varian mm le for

mber of Signifi Deviati in _the A r
lowing Peak loci
SOURCE Ss DF MS F
Blocks/Subjects 1368.933 9
Vision 308.267 1 308.267 7.174
Error 386.733 9 42.970
Target 122.233 2 61.117 2.951
Error 372.767 18 20.709
Vision Target 57.633 2 28.817 1.756
Error 295.367 18 16.409
Total 2911.933 59
(Residual) 1054.867 45
Table 7b
Experiment 1: PVSD Mean Sums and Standard Deviations
5 mm 10 mm 20 mm
Vision-Cursor X 12.0 10.6 11.1
SD 7.7 5. 7.2
No Vision-Cursor X 9.9 6. 4.2
SD 8.4 6. 4.1

160

1

ion Profil

.024

.076

.200



Table 8

r 1 m f Zer r in in th ration
Profile Following Peak Velocity
DEGREES FREEDOM 5
# SAMPLES 6
# CASES : 10
CHIr-SQUARED 31.886
CONDITION 3 RANK MEAN RANK MEAN SUM
NC 5 mm 21.5 2.15 0.4
NC 10 mm 19.5 1.95 0.1
NC 20 mm 24.5 2.45 0.5
VC 5 mm 49.5 4.95 4.5
VC 10 mm 53 5.3 6.1
vC 20 mm 42 4.2 2.8

161
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Table 9

xperiment 1: Friedman Analysi f rianc mm Tabl

£ h mber r x in ' he A leration Profi
lowin k loci - T for Eff f _Tar iz

DEGREES FREEDOM 2

# SAMPLES 3

# CASES 10

CHIr-SQUARED 2.85

CONDITION Y. RANK MEAN RANK

5 mm 20.5 2.05

10 mm 23.5 2.35

20 mm 16 1.6



Table 10
Experiment 1: Fri
for th mber of

Following Peak 1

DEGREES FREEDOM
# SAMPLES
# CASES

CHIr-SQUARED

CONDITION
Vision-Cursor

No Vision-Cursor

man Analvsi f vari

r r in the A

ity - T for Eff

1

2

10

10.000

2. RANK MEAN RANK
20 2.0
10 1.0

f vVigion

163

leration Profil
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Table 11
riment 1: Friedman Analvsi f rian mm. Tabl
1 m f Sjignifican i ions in th

Acceleration Profile Prior to Peak Velocity

DEGREES FREEDOM 5

# SAMPLES 6

# CASES 10

CHIr-SQUARED 10.143

CONDITION 2 RANK MEAN RANK MEAN SUM
NC 5 mm 44 4.4 3.9
NC 10 mm 46.5 4.65 3.7
NC 20 mm 30.5 3.05 1.8
VC 5 mm 34 3.4 2.2
VC 10 mm 29.5 2.95 1.9

VC 20 mm 25.5 2.55 1.4



Table 12

>4

f

DEGREES FREEDOM

# SAMPLES

iment 1: Friedman Analvsi

Rever

# CASES

CHIr-SQUARED

CONDITION

NC

NC

NC

vC

vC

vC

5 mm
10 mm
20 mm
5 mm
10 mm

20 mm

Y RANK
30.
32.
31.
35.

42

38

fv

ment Dir ion

MEAN RANK

3.05
3.25

3.15

4.2

© 3.8

165



Table 13a

xperiment 1: Analysi rian mm le for
M ment Ti nd T 1 Number of Modifi
Correlation/Figher Z-gcores

SOURCE Ss DF MS F
Blocks/Subjects 1.490 9
Vision 1.637 1 1.637 5.724
Error 2.575 9 .286
Target .391 2 .195 1.639
Error 2.149 18 .119
Vision Target .170 2 .085 . 649
Error 2.367 18 .131
Total 10.778 59

(Residual) 7.091 45
Table 13b

xXperimen : igher 7Z- r n Devi

nm 10 mm 20 mm
Vision-Cursor X .04 1.01 0.97
SD .34 0.53 0.31
No Vision-Cursor X .86 0.61 0.56
SD .34 0.38 0.45

166

.038

.221
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Table 14a
riment 1: An i f ian mm Table for Tim
loci nd A Error

Correlation/Fisher Z-scores

SOURCE SS DF MS F P
Blocks/Subjects 1.638 9
Vision 2.460 1 2.460 10.885 .009
Error 2.034 9 .226
Target 1.317 2 . 659 4.307 .029
Error 2.760 18 .153
Vision Target .067 2 .033 .260
Error 2.288 18 .127
Total 12.565 59
(Residual) 7.083 45
Table 14b
Experiment 1: Fisher Z-score Means and Standard Deviations
5 mm 10 mm 20 mm
Vision-Cursor X -0.54 -0.42 -0.21
sb  0.39 0.36 0.34
No Vision-Cursor X -0.21 0.07 0.19

SD 0.25 0.47 0.53



Table 15a

168

Experiment 1: Analysis of Variance Summary Table for Total
number of Modifications and Absolute Error Correlation/Fisher

Z-scores

SOURCE SS
Blocks/Subjects 1" 875
Vision 647
Error 2 280
Target 772
Error 4 223
Vision Target 206
Error 3 621
Total 13 623
(Residual) 10 124
Table 15b

DE

18

18

59

45

MS

647

2259

386

235

103

201

E P
2 .557 142
1 643 220

S5ill2

Experiment 1: Fisher Z-score Means and Standard Deviations

5 mm 10 mm 20 mm

Vision-Cursor % -0 46 -0 39 -0 07
SD 0 29 0 46 0 49

No Vision-Cursor X -0 19 -0 09 -0 03
SD 0 47 0 49 0 58
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Table 16a
E iment 2: Analvsi £ rian mm Table for
M m Tim
SOURCE SS DF MS F P
Blocks/Subjects 1719509.600 9
Vision 61051.563 5 12210.313 1.060 .395
Error 518595.305 45 11524.340
Total 2299156.470 59
Table 16b
Experiment 2: Movement Time Means and Standard Deviations
Condition vC VXFH VXLH NV NXFH NXLH
X 618.0 631.2 658.5 555.9 593.2 618.2

SD 218.8 198.1 269.4 167.1 160.8 187.5



Table 17a

Experiment 2: Analvsi £ rian mm Table for

Congtant FError

170

SOURCE SS DF MS F P
Blocks/Subjects 32.162 9
Vision 191.554 5 38.311 7.124 <.001
Error 242.011 45 5.378
Total 465.727 59
Table 17b
Experiment 2: Constant Error Means and Standard Deviations
Condition vC VXFH VXLH NV NXFH NXLH

X 0.2 2.8 -1.1 -1.2 3.5 0.

SD 1.9 3.0 1.4 2.6 2.5 1.
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Table 18a

xperiment 2: An i £ rian mm Table for

iable Error

SOURCE . SS DF MS F P
Blocks/Subjects 95.701 9
Vision 110.369 5 22.074 9.665 <.001
Error 102.787 45 2.284
Total 308.856 59
Table 18a
Experiment 2: Variable FError Means and Standard Deviations
Condition vC VXFH VXLH NV NXFH NXLH

X 4.6 6.7 4.7 8.3 7.4 5.6

SD 2.4 1.4 2.0 2.0 1.8 1.8
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Table 19%a
xperiment 2: Analvsi £ ri mm Table for Peak
Velogity
SOURCE SS DF MS F P
Blocks/Subjects 2048534.660 9
Vision 2385.698 ' 5 477 .140 .081
Error 265896.289 45 5908.806
Total 2316816.640 59
Table 19b

Condition vC VXFH VXLH NV NXFH NXLH

X 532.1 529.3 529.9 544.2 541.5 542.8

sSD 179.1 167.2 181.4 237.2 227.7 236.8
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Table 20a
riment 2: Analvsi f rian mm Table for Tim
k loci n im

SOURCE SS DF MS F P
Blocks/Subjects 624.721 9
Vision 365.969 5 73.194 3.622 .007
Error 909.289 45 20.206
Total 1899.980 59
Table 20b

xperiment 2: loci Movemen ime Mean n ndar
Deviations
Condition vC VXFH VXLH NV NXFH NXLH

X 35.5 34.2 34.8 41.3 38.4 38.0

SD 5.2 5.0 6.7 4.9 4.6 5.5
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Table 21la
i : f ri mm r
ispl men Tim f pPeak loci Tar Di n

SOURCE SS DF MS F P
Blocks/Subjects 520.826 )
Vision 197.519 5 39.504 4,250 .003
Error 418.285 45 9.295
Total 1136.631 59
Table 21Db

Displ n Tim f Peak i Tar
Distance Means and Standard Deviations
Condition vC VXFH VXLH NV NXFH NXLH

X 42.3 42.0 42.5 45.9 45.9 45.7

SD 4.5 4.8 5.4 3.1 3.3 3.4



Table 22

xperiment 2: Fri

for the Mean Number of Significant Deviationg in the

man Analvysi

leration Profile Prior

DEGREES FREEDOM
# SAMPLES
# CASES

CHIr-SQUARED

CONDITION
vC
VXFH

VXLH

NXFH

NXLH

5

10

1.571

Y RANK
35
31
31.5
37.5
35.5

39.5

rian

loci

MEAN RANK
3.5
3.1
3.15
3.75
3.55

3.95

175



Table 23
Experiment 2: Fri

for the Mean mber

man Analysi

f Signifi

rian

iation

Acceleration Profile Following Peak Velocity

DEGREES FREEDOM
# SAMPLES
# CASES

CHIr-SQUARED

CONDITION
vC
VXFH

VXLH

NXFH

NXLH

5

10

5.157

Y RANK
33
45
33

27.5

38.5

33

MEAN RANK

3.3
4.5
3.3

2.75

176



Table 24

Experiment 2. Friedman Analysis of Variance Summary Table

for the Mean Number

Profile Following Peak Velocity

DEGREES FREEDOM
# SAMPLES
# CASES

CHIr-SQUARED

CONDITION
vC
VXFH

VXLH

NXFH

NXLH

f Zexr

9

10

8 743

2. RANK
35
36 5
46
235
212005

38.5

ings in the Acceleration

MEAN RANK
E
3 .65
4 6
2:.35
295

3 95

L4



Table 25

Experiment 2: Fri

for Mean mber of R

DEGREES FREEDOM
# SAMPLES
# CASES

CHIr-SQUARED

CONDITION
vC
VXFH

VXLH

NXFH

NXLH

man Analysi

rsal

5

10

2 514

Y. RANK
41 5
34 5
37.5
32
29.5

35

rianc

MEAN RANK

4.

in Movement Dir

15
45
75
p

95

178
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Table 26

Experimen ment Modifi ion Mean lla d Acr
Subjects

Movement Modification

Condition SDPV PVSD ZC REVS
Ve 0 08 0 53 o 19 0 13
VXFH 0 Q7 0.68 .18 0 08
VXLH 0.07 0 56 0.39 Q.12
NV 0 10 0 28 0.06 6 e I
NXFH 0 13 0 46 0 14 0 10
NXLH 0.13 0 35 023 g.13




Table 27a

Experiment 2: Analvsis of Variance Summary Table for

ment Tim T 1 mber of Modifi ion

rrelation/Fisher Z- 1
SOURCE 55 DF MS F
Blocks/Subjects 459505 9
Vision 2 280 5 456 3 020
Error 6 784 45 ALl )
Total 13 169 59
Table 27b

180

01.9

Experiment 2. Fisher Z-score Means and Standard Deviations

Condition Ve VXFH VXLH NV NXFH NXLH

X (RN 0 98 0 90 0 40 0 68 0

SD 0 44 0 35 Uu5S 0 36 0 47 0
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Table 28a
E iment 2: Analysi £ rian mmary Table for Tim
from Peak loci End of M men nd Absolute Error

Correlation/Fisher Z-scores

SOURCE SS DF MS E P
Blocks/Subjects 1 183 9

Vision 1 990 5 398 3 .82 005
Error 4 683 45 104

Total 7. 857 59

Table 28b

Experiment 2: Fisher Z-score Means and Standard Deviations

Condition vC VXFH VXLH NV NXFH NXLH
X -0 26 0 14 -0 41 -0 06 -0 24 -0 31

SD 0 29 035 O3l 0 27 0538 0 36
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Table 29a
Experiment 2: Analysis of Variance Summary Table for Total
Number of Modifications and Absolute Error Correlation/Fisher

Z-scores

SOURCE SS DF MS F P
Blocks/Subjects 756 9

Vision 181153 5 231 3192 016
Error 31 342 45 074

Total 502651 59

Table 29b

Experiment 2: Fisher Z-score Means and Standard Deviations

Condition vC VXFH VXLH NV NXFH NXLH
% -0 16 0 05 -0 38 -0 02 -0 09 -0 21

SD 0 27 0.37 0 25 0 13 0 29 0 28
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Table 30a

Experiment 2 Partial Vision Analysis: Analysis of Variance

Summary Table for Movement Time

SOURCE Ss DF MS E P
Blocks/Subjects 1972248 800 9
PartialVision 33353 916 il 33353 916 51739 038
Error 52310 313 9 5812 257
MixType 24543 447 2 12271 724 533
Error 414226 789 18 23012 599
PartialVision
x Mixtype 13203 174 2 6601 587 20723 .091
Error 43632 861 18 2424 048
Total 2553519 260 59
(Residual) 510169 963 45
Table 30b

Experiment 2 Partial Vision Analysis: Movement Time Means

n ndard Deviation

1% o Visi i 1o d

First-Half Vision X 631 2 593 2 554 4
SD 198 1 160 8 181 7

Last-Half Vision x 658 5 618 2 643 5

SD 269 4 1875 264 5



Table 31la

184

Experiment 2 Partial Vision Analysis. Analysis of Variance

mm Table f

SOURCE

Blocks/Subjects

PartialVision

Error

MixType

Error

PartialVision
X Mixtype

Error

Total

(Residual)

Table 31

nstant Error

SS

42 868

118 807

el )

27 125

63 759

1SS 022

85 093

383952

182834

DF MS F B

9

1 118 807 320127 < 001
9 3 698

2 13 562 315829 040
18 3 542

2 6 511 10307 277
18 42

59

45

Experiment 2 Partial Vision Analysis. Constant Error Means
and Standard Deviations

First-Half Vision

Last-Half Vision

b

SD

bl

SD

io i o Visio i 1 ed
288 SIS 4453
3.0 205 159
-11 0 6 -0 3
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Table 32a
Experiment 2 Partial Vision Analysis: Analysis of Variance
mm Table for riable Error
SOURCE 58 DF MS F 2
Blocks/Subjects 91 693 9
PartialVision 59 541 1 59541 26 700 < 001
Error 20 073 g 2230
MixType 6 549 2 3 275 908
Error 64 951 18 3 608
PartialVision
X Mixtype 478 2 239 161
Error 26 720 18 1 484
Total 270 006 59
(Residual) 111 744 45
Table 32b

Experiment 2 Partial Vision Analysis: Variable Error Means

and Standard Deviations

Vision Mix No Vision Mix Blocked
First-Half Vision X 6 7 7 4 13
SD 184 18 20
Last-Half Vision X 4 7 5 6 5 0

sD 210 18 205
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Table 33a
Experiment 2 Partial Vision Analysis: Analysigs of Variance

mm Table for Peak loeci

SOURCE SS DE MS E E
Blocks/Subjects 1988921 610 9
PartialVision 315 840 il 315 840 879
Error 3234 742 9 359 416
MixType 8410 923 2 4205 461 314
Error 240992 516 18 13388 473
PartialVision

X Mixtype 911 777 2 455 889 667
Error 12308 591 18 683 811
Total 2255095 990 59
(Residual) 256535 849 45
Table 33b

Experiment 2 Partial Vision Analysis: Peak Velocity Means

n ndard Deviations

Vision Mix No Vision Mix Blocked
First-Half Vision X 529 3 541 5 566 4
SD 167 2 227 1 207 5
Last-Half Vision x 529 9 542 8 550 8

sD 181 4 236 8 194 0
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Table 34a

Experiment 2 Partial Vision Analysis: Analysis of Variance

mm Table for Tim Peak loci Movement Tim

SOURCE SS DF MS F P
Blocks/Subjects 657 451 9
PartialVision 35 497 ik 35 497 34418 095
Error 93 476 9 10 386
MixType 162 993 2 81 496 2 098 150
Error 699 053 18 38 836
PartialVision

X Mixtype 83 064 2 41 532 5 360 014
Error 139 477 18 743
Total 1871 010 59
(Residual) 932 006 45
Table 34b
Experiment 2 Partial Vision Analysig. Time to Peak

Velocity/Movement Time Means and Standard Deviations

v Mi e

First-Half Vision X 34 2 38 4 40 0
SD 50 4 6 51

Last-Half Vision X 34 8 38 0 3509

SD S 505 505
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Table 35a
Experiment 2 Partial Vision Analysis: Analysis of Variance

mm Table for Digpl men Time of Peak

loci Tar Di n
SOURCE SS DF MS F P
Blocks/Subjects 615 690 9
PartialVision 9 898 1 9 898 3 456 093
Error 216708 9 2 864
MixType 136 916 2 68 458 2 988 074
Error 412 400 18 22 911
PartialVision

X Mixtype 28 504 2 14 252 10 487 001

Error 24 463 18 1 389
Total 1253 651 59
(Residual) 462 641 45
Table 35b

Experiment 2 Partial Vision Analvsis: PVDISP/DIST Means and

andard Deviation

Vision Mix No Visjon Mix Blocked
First-Half Vision X 42 0 45 9 46 2
SD 4 8 33 49
Last-Half Vision % 42 5 45 7 43 5

SD 5 4 34 4 6
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